In this study, the impact of cropping systems on physicochemical properties of soil and microbial biomass was evaluated. Soil was collected from four cultivated fields (cropland, crop + single tree species, crop + multiple tree species and homegardens) and one uncultivated (agriculturally discarded) field and analysed. The outcome of the present study indicated that cultivated land squandered about 14% C and 5% N in 8 years of cultivation to the nearby uncultivated land. Soil microbial biomass of cultivated land with multiple tree species (C + mT) was greater than other systems and showed an appreciable seasonal variation. The microbial biomass carbon (C mic ) assorted from 166 to 266 μg g -1 and microbial biomass nitrogen (N mic ) from 11 to 41 μg g -1 . C mic contributed 1.25-1.90% of soil C and N mic 0.83-3.77% of soil N. Among cultivated land, maximum C mic and N mic were reported in C + mT system which suggested that tree plantation in cultivated land has significant positive effects on microbial biomass and other soil properties by shifting natural soil properties under the similar environmental circumstances.
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Keywords: Cropping systems, microbial biomass, microbial activity, tree plantation. THE soil microbial biomass, an imported soil indicator plays an efficient part in the formation of organic pool by decomposing organic matter and by controlling the nutrient dynamics which ultimately affect the primary productivity in various biogeochemical progressions in terrestrial ecosystems 1 . Therefore, microbial dynamics effectively influence fertility and stability of an ecosystem and has been accepted widely as a vital source of nutrients due to its quick turnover 2 . Agricultural trends in the last five decade have intensive production with increased exercise of commercial seeds, pesticides, fertilizers, etc. These practices have adverse consequences on soil health and hence, the urgency to develop new strategies that use ecological interaction 3 . Crop productivity primarily depends on the quantity of soil nutrients which reflects the fruitfulness of the soil typically obtained from the contribution of soil microbial biomass 4 .
Cultivation accelerates the loss of organic matter and microbial activities significantly 5 in the soil. Therefore it is necessary that nutrient uptake should be maintained by nutrient replacement 6 . The microbial biomass regulates nutrients accessibility in cropping systems. The management practices persuade interactions between soil and microorganisms by the input of organic remnants and their allocations, by physical changes and by nutrients supply in the soil 5 . Management has long-term assortment on soil ecology; for example disturbance of open crop land is quite different from the well managed land use system especially where trees are planted, because trees play a prominent task in ecosystem functioning and therefore, potentially generate the opportunities to restore efficient soil microbial communities that can endorse plant growth, nutrient cycling and promote soil health 7 . To uphold the soil eminence, maintenance is the only solution, whereas soil microbial biomass is used as a soil indicator 8 . Assessment of microbial biomass is a valuable tool for the divination of long-term productivity of soil in cropping systems. Studies on soil microbial biomass in this region with respect to change in cropping systems have not been done earlier. Hence, an attempt was made to analyse the soil microbial biomass carbon and nitrogen under different cropping systems practised in Indian Central Himalayan Bhabhar belt.
Materials and methods

Location and climate
The study was carried out in the Bhabhar belt of Nainital district between 29°25′ and 29°39′N lat. and 78°44′ and 79°07′E long. located at low altitude (424 m amsl). On the basis of cropping systems, four systems, viz. crop fields without tree/shrub species (OC), crop fields with single tree species (C + sT), crop fields with multiple tree species (C + mT) and home gardens (HG) were selected. In addition, agriculturally discarded land (ADL) was also selected as control, which was left uncultivated for the last 8 years. The characteristics of selected cropping system are given in Table 1 . The climate is sub-tropical, monsoonal and distinguished by clear seasonality. During the year, summer season comprised of 4 months (March-June), rainy season of 3 months (July-September) and winter season of 4 months (November-February). October is as an intermediary month between rainy and winter season. Temperature reached beyond 40°C during summer and below 5°C during winter.
Soil sampling and analysis
To analyse the soil physico-chemical properties, 10 soil samples were collected randomly during summer, rainy and winter seasons from two different depths, viz. the upper surface (0-15 cm) and deeper surface (15-30 cm), while to determine the microbial activity, only upper surface was taken because most microbial activities were confined to this layer 6 . A compound sample was prepared after mesh up of all collected samples in each season for a particular system. Three sub-samples were prepared from the compound sample to determine the soil characteristics. The texture was determined through the sieving of soil by nets of different sizes. Moisture content was calculated on dry weight basis, water holding capacity (WHC) and bulk density (BD) were estimated following Misra 9 . Chemical properties of the soil, i.e. pH, total organic carbon 10 , total nitrogen 11 and phosphorus 12 were determined by standard methods. Chloroform fumigation and extraction (CFE) method 13 was applied to assess the 
Results
Soil physico-chemical characteristics
The detailed description of physico-chemical properties of the soil is given in Tables 2 and 3. All the systems were almost similar in texture which indicated that the soils were derived from similar parent matters and suggested differences occurred in chemical and biological characteristics owing to management practices instead of their native character. The highest sand percentage was observed in HG, silt in ADL and clay in C + mT. Compared to uncultivated land (1.05 g/cm 3 ), BD increased up to 12% in cultivated land (1.27 g/cm 3 ), indicating that cultivation increased the bulk density. The porosity ranged from 52.07 (C + sT) to 60.34% (ADL) while WHC ranged from 31.45 (OC) to 46.71 (C + mT). The soil temperature was speckled between 23.4°C (C + sT) and 25.1°C (OC), while the soil moisture varied from 4.80% (OC) to 7.70% (C + mT).
The highest pH value was recorded in OC system (7.9) while the other systems were sustained to the standard pH (6.8-7.2). The application of more chemical pesticides and fertilizers in crop fields might have increased the pH considerably. In this study, soil carbon was better recorded in the surface layer compared to deeper layer and decreased from 1.60% (C + mT) to 0.93% (OC). The total organic content ranged from 1.22% (OC) to 2.08% (C + mT) and soil carbon and nitrogen contents followed the same pattern. The soil phosphorus ranged from 26.34 (ADL) to 48.73 kg/ha (C + mT).
In the context of cultivation, the average carbon content (%) of cultivated land (systems 1 to 4) was 86% of uncultivated land. The marginal loss of nitrogen due to continuous cultivation was also observed from systems 1-4. In cultivated land, nitrogen represented 95% of the uncultivated land. The difference in N content of cultivated and uncultivated lands was trivial due to the regular application of nitrogen-based fertilizers artificially to fullfil the loss of nitrogen.
Microbial biomass carbon (C mic ) and nitrogen (N mic ).
The microbial biomass showed greater values in the cultivated land with multiple tree species as compared to other soils (Table 4) . Across the systems, the average C mic ranged from 178 μg g -1 (OC) to 254 μg g -1 (C + mT), while N mic ranged from 15 μg g -1 (OC) to 40 μg g -1 (C + mT). These findings are possibly endorsed by the accumulation of more organic carbon under the cultivated land with multiple tree species. The microbial biomass were drastically (P < 0.001) affected by the cropping systems and seasons (Table 5 ). Temporal variation in microbial biomass has been accounted due to variations in microclimatic conditions of the soil, circumstances existing for vegetation growth and accessible substances. Compared to C mic , N mic showed more pronounced temporal variation (Figure 1 a) , possibly due to the fact that microorganisms differ much more in their N content than in their C content, depending on their stage of growth.
The positive effects of the incorporation of multiple tree species in crop fields were attributed to numerous bases, viz. improved soil constitution, greater fine root density, diversity and availability of plant litter all over the year and alleviated microclimate. Contrast comparison revealed that C mic and N mic were lowest in OC followed by HG. This may be due to less amounts of crop remains left behind after crop harvesting. C mic constitutes about 1.42% to 1.68% of the total soil carbon whereas N mic accounted for 1.48% to 2.88% of the total soil nitrogen with the C : N ratio of 6.88 to 12.74. 
Relationship between physicochemical characteristics and microbial biomass
Pearson's correlation between physicochemical characteristics and microbial biomass is given in Table 6 . The C mic values showed significant positive correlation with N mic (r = 0.79), total organic carbon (r = 0.84), total soil nitrogen (r = 0.60), soil moisture (r = 0.55) and water holding capacity (r = 0.82). Significant positive correlations have also been recorded between N mic and total carbon (r = 0.88), total nitrogen (r = 0.74) and soil moisture (r = 0.76). Both C mic and N mic were negatively correlated with sand content.
Discussion
Effects of cropping system on soil characteristics
The higher proportion of silt and lower proportion of sand in ADL were observed as compared to cultivated lands. Abad et al. 15 also observed increased sand content with changing forest to cultivated land, most likely as a result of removal of silt and adding sand in soil surface by accelerated soil erosion. The soil of cultivated land had the highest bulk density compared to uncultivated land. These results are consistent with earlier findings 16, 17 , where cultivation increased the bulk density considerably. Low soil moisture (4.8%) and high soil temperature (25.1°C) in OC system indicated that the absence of tree canopy exposed the crop fields to direct sunlight which resulted in decreased moisture and increased temperature.
The cultivated lands showed higher soil pH than uncultivated land probably due to the use of chemical fertilizers in cultivated lands. Soil organic matter (SOM) showed a significant difference between different cropping systems and the values vary from 1.61% (OC) to 2.75% (C + mT). SOM is the most important indicator for the assessment of productivity in different cropping systems and management practices 18 . The cultivation promotes soil ventilation which exchange decomposition by SOM 6 , thus resulting in low soil carbon content. In this study, loss of soil C and N owing to continuous farming was 14% and 5% respectively, compared to uncultivated land. Wakene 7 also reported about 30% and 76% reduction in soil N under 40 years old cultivated farm and deserted land respectively, in contrast to virgin land. The physicochemical properties of the soils vary in space and time because of variation in topography, climate, weathering process, vegetation cover and microbial activities [19] [20] [21] and several other biotic and abiotic factors 22, 23 . The results of PCA supported the analysed soil factors as predictors of quality of cropping systems. PCA was carried out with six biological soil quality indicators and it was then reduced to few indicators, which explains minimum relation using eigen value (Figure 2) . The component contributing to maximum variance always become the first PC and hence, more quality indicators were selected from this component. The coordination of five cropping systems on the basis of soil biological quality is presented in Figure 3 . There were two principal components (PCs) which have the eigen value more than one and therefore, were responsible for 90.56% of the total variation. The first component, most reliable (Y pc1 ), reported for 74.91% of the total variations in which the highest loading value were found with soil C mic (P ≤ 0.01), N mic (P ≤ 0.01), C mic : N mic (P ≤ 0.01), N in biomass (P ≤ 0.01) and N mic /N (%) (P ≤ 0.05) ( Tables 7 and 8 ). The OC system during summer season showed no relation with other parameters of F1 and F2 factors and therefore, represented as supplementary variable. The absence of tree fostering and the reimbursement of crop residual by burning after harvesting resulted in comparatively less soil nutrients in OC system.
Effects of cropping system on microbial biomass
The microbial biomass varied significantly with respect to different cropping systems. Due to its high turnover rate, microbial biomass could counter more quickly, the changes in soil environment 24 . Across the systems, C mic ranged from 178 μg g -1 (OC) to 255 μg g -1 (C + mT) and N mic from 15 μg g -1 (OC) to 40 μg g -1 (C + mT). These results suggested that variation in accumulated plant debris and fine roots in the cultivated land with multiple tree species favour the intensification of microbes and hence more C and N are accumulated in the microbial biomass 1 . The significant positive relationship (P < 0.001) between C mic and soil carbon also indicated that soils rich in organic matter contain comparatively good amount of microbial biomass 25 . N mic also follow the same trend indicating that the dynamics of N in mineral soil are closely linked to C, because most of the N exists in organic compounds and heterotrophic microbial biomass which utilize organic C for energy. Nutrient availability such as P, greatly influences soil microbial activity and function 26 . However, in this study, microbial biomass showed insignificant correlation with available P and soil pH.
The positive effect of C + mT system on microbial biomass compared to other cropping systems may be attributed to better soil properties, quantity and diversity of plant litter. The multiple tree species residue invite different type of microbes, which in turn release the nutrients more efficiently 27 , resulting in increased microbial biomass.
Our results indicated that significant positive correlations occurred between C mic and soil C (P < 0.001) and N mic and soil N (P < 0.001) (Figure 4 a and b) . The main reason for reduction in C mic was lower input of soil organic carbon 6, 25 . The accumulation of litter, dead and decayed part of plants and fine roots may support the expansion of microbial populations and resulted in deposition of C in microorganisms. The significant positive correlation between soil C and N (Figure 4 c) indicated that total N increased with increase in organic C 28 . Kara and Bolat 1 also suggested that nitrogen dynamics of the soil are intimately associated with carbon; as a result, N mic showed a significant correlation (P < 0.001) with C mic (Figure 4 d) .
Values of C mic obtained in the present study (178-253 μg g -1 ) (ref. Values in bold correspond for each variable to the factor for which the factor loading is the highest. 31 , although the role of nitrogen may be influenced by soil C : N ratio in certain circumstances. The values of microbial biomass nitrogen showed more chronological fluctuation than those of biomass carbon 32 . The significant positive correlations between C mic and SOC and N mic and TSN agreed with earlier reports 1, 33 . A good fit correlation was found between microbial biomass carbon and organic carbon, which suggests that microbial biomass concentration depends mainly on the organic matter availability, which was also reported in several studies 6, 32, 33 . The C mic : N mic ratio is frequently used to describe the organization of the microbial community 34 . Low ratio predicts the higher concentration of bacterial population, whereas high ratio proposed fungal dominancy in microbial population 35 . Jenkinson and Ladd 2 provided the range of microbial C : N ratio between 10 and 12 for fungal hyphae and between 3 and 5 for bacterial communities. The C mic : N mic attained in this study was moderately higher (7) (8) (9) (10) (11) (12) (13) , indicating the predominance of fungi in soils, consistent with values reported for most tropical soils (10) (11) (12) (ref. 3) . The cultivated land planted with trees and uncultivated land had higher C mic and N mic than OC system with lower C : N ratio, which is an indication of higher degree of humification and easy The C mic and N mic when articulated as SOC (%) and STN (%), respectively provide an assessment of the organic matter dynamics, magnitude of nutrients and substrate accessibility in soils 34 . The C mic /C(%) ratios in the present study were 1.25-1.90%. The values fell within the range (1.2-2.7%) reported for forest 5 . Values of N mic /N(%) reported in the present study (0.83-3.77%) were in the lower range compared to estimated value for agricultural soils (2-6%) (ref. 14) and for temperate forest soils (1.6-3.0%) (ref. 8); however, these values were higher than that reported for forest soils (0.96-1.11%) (ref.
3).
Effect of seasons on microbial biomass
In all the cropping systems, the values of C mic and N mic were reported highest during rainy and lowest during summer season (Figure 1 a) . These findings are in conformity to previous studies 5, 19, 37 . The lowest values of microbial biomass were caused by slow microbial activities in extreme hot and dry period. Low soil moisture limits the microbial biomass content, which is strengthened by the positive correlation between C mic and soil moisture 38 . The temporal variation in microbial biomass may be due to change in soil moisture, temperature, rainfall land use pattern etc. In the present study, uncultivated land showed least variation across the seasons while multiple tree species system showed the maximum variation (Figure 1 b) .
Conclusion
In conclusion, continuous cultivation resulted in decreased soil fertility but incorporation of tree plantation in crop fields led to increased soil fertility by shifting natural soil properties under the similar environmental circumstances. Higher plant diversity via higher root inputs and some other unidentified mechanism increase metabolic activities of soil microorganisms, which govern the storage of carbon in the soil as indicated by strong positive relationship between soil C content and microbial biomass. Higher amount of soil organic carbon and more favourable microclimatic conditions linked to more diverse plant communities resulted in more active, abundant and more diverse microbial communities as indicated by higher microbial biomass carbon and nitrogen. Therefore, incorporation of multiple tree species in crop fields can significantly contribute to soil carbon and nitrogen stock by increasing microorganism mediated turnover rates of litter.
